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ABSTRACT 

High-energy radiation from T Tauri stars (TTS) influences the amount and longevity of gas in disks, 
thereby playing a crucial role in the creation of gas giant planets. Here we probe the high-energy 
ionizing radiation from TTS using high-resolution mid-infrared (MIR) Spitzer IRS Neon forbidden 
line detections in a sample of disks from IC 348, NGC 2068, and Chamaeleon. We report three 
new detections of [Ne III] from CS Cha, SZ Cha, and T 54, doubling the known number of [Ne III] 
detections from TTS. Using [Ne III]-to-[Ne II] ratios in conjunction with X-ray emission measurements, 
we probe high-energy radiation from TTS. The majority of previously inferred [Ne III]/[Ne II] ratios 
based on [Ne III] line upper limits are significantly less than 1, pointing to the dominance of either 
X-ray radiation or soft Extreme- Ultraviolet (EUV) radiation in producing these lines. Here we report 
the first observational evidence for hard EUV dominated Ne forbidden line production in a T Tauri 
disk: [Ne III]/[Ne II]^1 in SZ Cha. Our results provide a unique insight into the EUV emission from 
TTS, by suggesting that EUV radiation may dominate the creation of Ne forbidden lines, albeit in a 
minority of cases. 

Subject headings: accretion disks, stars: circumstellar matter, planetary systems: protoplanetary disks 



1. INTRODUCTION 

We can develop timescales for the evolution of plan- 
etary systems and refine theories of planet formation 
by studying the gas in the inner, planet-forming re- 
gions of disks around young TTS. On the one hand, 
significant gas must be present for gas giant planets 
to form. On the other, the lifetime of the gas in the 
inner disk places an upper limit on the timescale for 
giant planet formation. Short dissipation timescales 
(^1000 yr) favor the f ormation of planets via gravita- 
tional instability (e.g., IBossI 119971 ) while longer dissi- 
pation timescales allow for core accretion, whi ch takes 
a few Myr (e.g., ILissauer fc Stevenson! 120071 ). The 
amount and longevity of gas in the disk is linked to 
the rate at which gas is eroded by photoevaporative 
winds create d by high energy radia t ion fields from the 
central star (IHollenbach et al.|[l99i IClarke et all 120011: 
lAlexander fc Armitagell2009H . 

Initial models of photoevaporation by EUV (13.6 
cV < \\v < 100 eV) emission predicted low mass 
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loss rates of ~ 10 10 yr 1 (e.g.. IHollenbach et al.l 
[1991 IClarke et al J 120011 lAlexander et al.ll2006D . Recent 
models of photoevaporation which include X-ray (0.1- 
2 keV) and far-ultraviolet (FUV; 6 eV < hv < 13.6 
eV) emission achieve mass loss rates up to 10 -8 Mq 
yr" 1 (lErcolano et al.l [20091: iGorti fc Hollenbachl [200l 
IQwen et al.l 12011^ Observations of objects with rates 
much lower than this limit and still surrounded by sub- 
stantial disks challenge the se recent photoevaporation 
models (|Inglebv et al.ll20Tl"[) . These observations are in 
better agreement with the low mass loss rates predicted 
by the EUV photoevaporation models. However, the 
main weakness of photoevaporation models is the un- 
certainty in the ionizing flux, given that no robust mea- 
surement of EUV emission from TTS currently exists. 

In TTS, most EUV emission is produced in the 
stellar corona and the transition region between th e 
corona and chromosphere in active stars (|Brownll2010D . 
Accreting TTS may have additional contribution to 
the EUV emission from the accretion shock which, in 
the near-UV (NUV), is significantly in excess of the 
UV e mission from an active c hromosphere for typical 
TTS (ICalvet fc GullbrindlT998l ). Our knowledge of the 
strength of EUV emission from TTS is limited due to ab- 
sorption of EUV photons by neutral hydrogen along the 
line of light. In accreting TTS, EUV emission may be 
absorbed in the accretion flows, which have high column 
densities (njj) up to 10 22 cm -3 ; even for non-accreting 
TTS, the interstellar hydrogen column density dampens 
the transmission of EUV photons. For example, the col- 
umn density of neutral hydrogen toward TW Hya, the 
close st accreting TTS, is ~5xl0 20 cm~ 3 (Ka iberla et al. 
I200a IDickev fc Lockmar] 119901 ) . According to [Drake 
(1999), with these column densities, less than 10% of 
the EUV flux at 100 A will be transmitted through the 
interstellar medium, making it difficult to ascertain the 
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EUV spectrum. 

A mission devoted to EUV observations, the Extreme 
Ultraviolet Explorer (EUVE) All Sky Survey was un- 
successful in detecting TTS. However, it did obtain 
spectra of many active st ars, including RS CVn stars 
(|Sanz-Forcada et al.l [2002D and d warf stars which un- 
dergo strong flares ()Brownl 12010ft . The EUV spectra 
of these active stars are sometimes used when approxi- 
mating the radiati on field incident on circumstellar disks 
(jOwen et alll2010ft . Whether or not this is an appropri- 
ate proxy for a TTS's EUV radiation field is unclear. 

As a result, secondary methods for estimating the 
strength of the EUV radiation field have been sought. 
lAlexander etafl (f2005t ) used FUV He II A 1640 A line 
fluxes to probe the strength of ionizing emission at 
<228 A. However, Ardila et al. (submitted) argue that 
other mechanisms besides radiative recombination may 
play a role in the excitation of the line. For example, 
(jBrown et al.l IT98TI ) find that collisional excitation plus 
photon trapping were the dominant agents in He II A1640 
A formation in the case of T Tau. Another alterna- 
tive is to use observations of solar type stars at differ- 
ent ag es to infer the evo lution of high energy radiation 
fields. iRibas et~aLl (|2005l ) analyzed high energy emission 
from the X-ray to the FUV of nearby young stars be- 
tween 0.1 and 7 Gyr, from which they developed power 
law fits to the decay in high energy radiation fields. Due 
to the proximity of the targets, they were able to use 
EUV spectra obtained with EUVE, but even then, most 
of the detected flux was in emission lines. The strength 
of the emission lines (mainly highly ionized Fe lines) was 
observed to decrea se with age. It is unclear whether the 
IRibas et al.l pOOll ) power laws for EUV radiation may be 
extended down to the ages of T Tauri stars (1-10 Myr). 
Given that X-ray a nd FUV emission likely saturate at 
ages < 10-30 Myr (|Preibisch et al.l 120051: (inglebv et all 
I2012T) . EUV emission may saturate as well. 

An alternative high-energy radiation diagnostic line 
emerged with the detection of mid-infrared (MIR) fine- 
structure forbidden emission lines of Ne II w ith the 
Infrared Spectrograph (IRS; H ouck et ail 120041) on the 
Spitzer Sp ace Telescope dWerner et al.l 20041) i n over 
50 TTS [Pascucci et all l2007t lEspaillat et al.l 120071 
Lahuis et all l2007t iFlaccomio et al.l l2009t IGiidel et all 
2010L iBaldovin-Saavedra et all 120111: ISzulagvil l2012f l. 
Due to the high first ionization potential of Nc 
(21.56 eV), [Ne II] is capable of constraining high energy 
stellar radiation. Two mechanisms have been proposed 
to be responsible for [Ne II] lines in disks around TTS; 
while some researchers have posited that MIR Ne fine- 
structure lines ca n be attributed solely to X-ray ioniza- 
tion and heating dGlassgold et al.ll2007l GNI07), recent 
work by iHollenbach fe Gortil (|2009t HG09) has shown 
that EUV photons can play an important role in creat- 
ing [Nc II] lines. 

In the GNI07 thermal-chemical model, the gas in the 
upper atmosphere of the protoplanetar y disk is heated 
and io nized by stellar X-rays. GNI07 and lMeijerink et all 
(|2008ft have shown that X -rays can heat the gas in the 
disk to temperatures up to ^4000-5000 K at an alti- 
tude where N#^10 21 cm~ 2 out to about 25 AU from 
the star. These authors find that the degree of ioniza- 
tion in these regions is less than a few percent. These 



two works consider only X-rays for ionizing the neutral 
and low-ionization forms of the Ne atom since FUV pho- 
tons have insufficient energy to ionize Ne and EUV is ab- 
sorbed over short distances. More recently, HG09 argue 
that EUV heating should not be discounted given that it 
can penetrate disk winds when the mass accretion rate 
onto the star is less than 10~ 8 yr" 1 , th e average ac- 
cretion rate in TTS (|Hartmann et al.lll998l ). HG09 have 
shown that EUV photons can potentially play an impor- 
tant role in creating [Ne II] lines as well. These lines can 
originate in the EUV surface layer of the disk which is 
completel y ionized and reaches t emperatures as high as 
10,000 K (jHollenbach et alJU99l e.g.,). 

Since the first detections of MIR Ne fine-structure 
lines, researchers have attempted to link observed 
[Ne II] line lum i nositi es to high-energy stellar radiation. 
iPascucci et all (|2007l ) found a correlation between the 
[Ne II] luminosity and the X-ray luminosity, supporting 
X-rays a s the dominant [Ne If ] production mechanism. 
However. [Espaillat et al.l (|2007f ) did not find such a trend 
between [Ne II] luminosities and X-ray luminosities. In- 
stead, they found a correlatio n between the [Ne II] lumi- 
nosity and the accretion rate. [Espaillat et al. (2007f) pro- 
posed that this was evidence that EUV radiation was im- 
portant in creating [Ne II] lines given that the accretion 
shock on the stellar surface is expected to create EUV 
emissi on, as mentioned earlier. Moreover, iCalvet et all 
(2004) found that FUV fluxes scale with L acc and a sim- 
ila r scaling is expecte d for EUV emission. Later work 
bv IGiidel et al.l (|2010ft with a much larger sample, found 
correlations between the [Ne II] luminosity and both the 
X-ray luminosity and accretion rate. However, these cor- 
relations h ave large scatter, poss ibly due to different disk 
structures (jSchisano et al.l[2010f ) or variability Based on 
known [Ne II] detections, it is difficult to distinguish be- 
tween the relative importance of X-ray and EUV radia- 
tion in creating Ne fine-structure line emission in disks 
without additional data. 

Here we approach the issue of linking high-energy TTS 
radiation to disk gas emission from a different avenue 
with new [Ne III] emission line detections. Ne has a sec- 
ond ionization potential of 41.0 eV, and [Ne III], like 
[Ne II], can originate in either the X-ray or EUV layer 
of the disk (GNI07, HG09). Due t o the limited num- 
ber of [Ne III] detections in the past (lLahuis et al.l 120071 : 
IFlaccomio et all 120091: iNaiita et all 12010ft . the~potential 
of this line to trace high energ y radiation has not been 
significantly utilized. Recently, ISzulagvil (|2012ft made an 
extensive search for [Ne III] in 56 disks around TTS and 
found no detections. This highlights the rarity of this line 
and the importance of using new [Ne III] line detections 
to constrain the radiation field irradiating the circumstel- 
lar disk. In Section 2, we detail our sample selection and 
review the data presented in this work. In Section 3, we 
present three new [Ne III] emission line detections in our 
sample (Section 3.1) and search for correlations between 
X-ray radiation and [Ne III] emission lines (Section 3.2). 
We discuss the implications of our results on the connec- 
tion between high-energy TTS radiation and the disk in 
further detail in Section 4. 

2. OBSERVATIONS & DATA REDUCTION 
2.1. Sample Selection 
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Our sample consists of 19 objects in NGC 2068, IC 348, 
and Chamaeleon (Table [T]). Chamaeleon is a ~2 Myr old 
region w ith relatively isolated star-formation and low ex- 
tinction (iLuhman et al.ll2008D. NGC 206 8 and IC 348 are 
~2 Myr old (iFlahertv fc Muzerolldl2008l ) and -3 Myr old 
(jLuhman et al.1 120031 ) . respectively, and are more clus- 
tered star-forming regions with higher extinction. The 
main goal of our project was to detect the [Ne II] line us- 
ing high-resolution Spitzer IRS spectra. Therefore, we 
selected disks where it would be easier to detect line 
emission, namely those that exhibited low continuum 
emission such as transitional disks (TD), pre-transitional 
disks (PTD), and fu ll disks with low continuum emission 
(jEspaillat et all 120121) . 

We identified the disks for this sample using the crite- 
ria above and existing low-resolution IRS spectra. This 
sample contains 6 FD, 6 TD, and 7 PTD (Table [2]), all 
of which have kn own disk propert i es det ermined by SED 
fitting using the iD'Alessio et al.l (|2006f ) irradiated, ac- 
cretion disk model. The low-resolution IRS spectra for 
our NGC 2068 and IC 348 objects were presented in 
lEspaillat et al.l (|2012f ) along with detailed SED modeling. 
For our Chamaeleon targets, low-res oluti on IRS spec- 
tra we re p resented inlKim et al.l (|2009l ) and iManoj et al.l 
(|2011h . In lEspaillat et al.l (|20flT ). we presented detailed 
modeling of the SEDs of CS Cha, SZ Cha, T 3 5. Mod- 
eling of T 54 was presented in iKim et all (|2009f ) . Stellar 
parameters for our targets and references for these quan- 
tities are listed in Table [2j 

2.2. Data Reduction 

Here we present high-resolution Spitzer spectra for our 
19 targets as well as X-ray data for most of our sources 
in IC 348 and NGC 2068. 

2.2.1. Infrared Data 

Spitzer IRS spectra for all of our targets except CS Cha 
were taken in General Observing (GO) Program 40247 
(PI: Calvet; Table [3]). We also included archival IRS ob- 
servations of CS Cha from Program 30300 (PI: Najita; 
Table |3|). All of the observations were performed in star- 
ing mode using the short-high-resolution module (SH) of 
IRS, spanning wavelengths from 10-19 /im, with a reso- 
lution X/5X ~600. 

Details on the observational techniques and general 
data reduction steps, including bad pixel identification, 
sky subtract i on, an d flu x calibration, can b e found in 
iFurlan et all ([2006) and iWatson et al.1 ((2009). Here we 
provide a summary. Each object was observed twice 
along the slit, at a third of the slit length from the top 
and bottom edges of the slit. Instead of using the basic 
calibrated data (bed) products from the Spitzer Science 
Center pipeline, we used the droop products, pipeline 
version S18.18. As opposed to the bed products, the 
droop products lack corrections for inter-order light leak- 
age (which is a very small effect) and are not divided by 
the flatfield. We found that especially the latter step in- 
troduced more noise to our data, so the droop products 
yielded spectra with better signal-to-noise ratios. 

We reduced the data with the SMART package 
(|Higdon et al.ll2004D and used the ISO Spectral Analysis 
Package (ISAP) within SMART to measure line fluxes, 
uncertainties, and upper limits. Bad and rogue pixels 



were corrected by interpolating from neighboring pixels. 
For each of the targets, we obtained several observations 
at each nod position to increase the time spent on the 
target. We also acquired an off-source background obser- 
vation for each target. We extracted each background- 
subtracted spectrum individually, then calculated their 
average and standard deviation. After background sub- 
traction, a full slit extraction was performed. To flux cal- 
ibrate the observations we used spectra of £ Dra (K2III). 
We performed a nod-by-nod division of the target spec- 
tra and £ Dra spectr a and then multipli ed the result by a 
template spectrum (jCohen et al. l 120031 ). The final spec- 
trum was produced by averaging the calibrated spectra 
from the two nods, and uncertainties were derived from 
the standard deviation of the mean flux at each wave- 
length. Our spectrophotometric accuracy is typically 2— 
5%. We note that we manually masked artifacts in the 
extracted, calibrated spectra that were not captured by 
the bad pixel and rogue masks. We also applied extinc- 
tion corrections to the IRS data using the Ay for each 
object listed in Table [2j 

The average signal-to-noise ratio (SNR) in the contin- 
uum for our spectra is 30, with a range of 15-70. We note 
that FM 281 has SNR~5 and so we exclude these data 
from our analysis. We overlaid the IRS slit positions for 
each AOR on K-band images from the Tw o Micron All 
Sky Survey (2MASS; ISkrutskie et Idl 120061) to check for 
anomalous behavior. In the observation of LRLL 21 in 
IC 348, another object was located in one of the nods. 
However, our SH spectrum (with a slit width of 4.7") 
agrees with an earlier GTO SL spectrum (slit width = 
3.6"; AOR ID: 16269056) which does not include this ob- 
ject. We conclude that this other object that entered the 
slit does not emit significantly in the mid-infrared and so 
object LRLL 21 dominates the SH spectrum presented 
here. 

2.2.2. X-ray Data 

Of the 19 targets in our sample, X-ray properties for 
18 of them were either extracted in this work from Chan- 
dra observations or compiled from the literature. X-ray 
luminosities for the Chamaeleon targets were taken from 
the literature (Table [2]) . X-ray properties for objects in 
IC 348 and NGC 2068 come from this work. Chandra 
observations were obtained as part of a joint Chandra- 
Spitzer GO program (Proposal 09200909, PI: Calvet) for 
IC 348 (Observation ID (Obs ID) 8584) and NGC 2068 
(Obs ID 8585 and 10763). We note that our Spitzer and 
Chandra data were not taken simultaneously. 

The above observations were performed with the Chan- 
dra Advanced CCD Imaging Spectrometer (ACIS) in 
FAINT mode using the Imaging Array (ACIS-I) and 
Spectroscopic Array (ACIS-S). Dates and exposure times 
can be found in Table [4] The evt2 files analyzed here 
were obtained through the Chandra processing pipeline 
(version: 7.6.11.4). Events and spectra for targets 
in our sample were extracted using the ACIS Extract 
(AE) software package (version 2010-02-26^ and the 
aeJjetter -backgrounds algorithm. (|Broos et al.ll2010f ) . 

We measured X-ray fluxes for our NGC 2068 and 

The ACIS Extract software pack- 
ages and User's Guide are available at 

http: / /www. astro .psu. edu/xray/acis/acis$_$analy sis .html 
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IC 348 targets by extracting X-ray spectra using the 
HEASARC X -ray fitting package XSPEC version 12.6 
(|Arnaudll 19961 ) and AE fitting scripts. Source counts over 
the energy range 0.5-8 keV are listed in Table O Most 
of the sources have more than 100 counts, the exceptions 
being LRLL 72, LRLL 133, and FM 281. LRLL 2 and 
LRLL 6 have over 1,000 counts. 

We fit all of the spectra with single- and two- 
temperature vapec the rmal collisional ion ization equilib- 
rium plasma models (|Smith et al.l l200l"l ) along with an 
absorbing colum n of interstellar m aterial (i.e. tbabs ab- 
sorption model; I Wilms et al.l 120001 ) . Automated fitting 
performed by AE adopted elemental abundances frozen 
at the values used by the XEST study for typical pre- 
main sequence stars (|Giidel et al.l [2007V We left the 
temperature(s) and the absorbing hydrogen column den- 
sity, Nh, as free parameters. In most cases, the x 2 be- 
tween the one- and two-temperature fits were similar. In 
Table [5] we list the parameters from the best fitting one- 
temperature model. However, for LRLL 67, FM 177, and 
FM 618, the \ 2 °f the two-temperature model was 2-3 
times better than that of the one-temperature model. 
For these three objects we list the parameters of the best 
fit two-temperature model in Table [5] The luminosities 
were derived from sp ectral modeling assu ming a distance 
of 315 pc for IC 348 (iLuhman et al.ll2008ft and 400 pc for 
NGC 2068 dFlahertv k Muzerollell2008jr 

We note that FM 515 was not within the FOV of 
the observations and was not located in the Chandra or 
XMM-Newton data archive. Therefore, we do not pro- 
vide an X-ray flux for FM 515 here. LRLL 133 was lo- 
cated within the FOV of our IC 348 observation, but 
was not detected while LRLL 21 was not within the 
FOV. However, LRLL 133 and LRLL 21 were detected in 
ObsID 606 (53 ks; 2000-09-21; PI: Preibisch) and these 
data were used to extract the X-ray fluxes for these two 
objects in Table O LRLL 68 was within the FOV of 
our observations, but was not detected and was not ob- 
served by another program. We estimate an upper limit 
for the luminosity of this source by calculating the on- 
axis limiting sensitivity of ObsID: 8584 with the Portable 
Interative Multi-Mission Simulator (PIMMSjB We as- 
sume an on-axis detection of 3 counts over the energy 
range 0.5-8 keV in our 50.14 ks exposure and a ther- 
mal plasma of 2 keV. We adopt an absorbing column 
of 1.6xl 22 cm" 2 , ca l culate d with the Nh and Aj re- 
latio n of iVuong et all (120031 ). along with an Aj of 0.83 
from ILuhman et all (|2003l ). The derived limiting flux is 
7.4xl0 -16 ergs s _1 cm~ 2 and the limiting absorption- 
corrected flux is 1.9xl0 -15 ergs s _1 cm -2 . We adopt 
an upper limit of 2.3xl0 28 ergs s _1 for the absorption- 
corrected X-ray luminosity of LRLL 68. 

3. RESULTS 

Here we search for Neon forbidden emission in our sam- 
ple. We explore the relationship between [Ne III] lines 
and high-energy radiation by looking at the X-ray prop- 
erties of TTS with [Ne II]. In our sample of disks with 
[Ne III], we also compare X-ray properties to observed 
[Ne III] -to- [Nell] ratios. 

3.1. Neon Line Detections 

10 http: //heasarc .gsf c .nasa. gove/Tools/w3pimms .html 



We detected [Ne II] line emission from nine objects in 
our sample (Figure [lj. Line fluxes, errors, and SNR are 
listed in Table [6] along with 3<r upper limits for sources 
with non-detections. [Ne III] lines are also present in 
three objects in our sample: CS Cha, SZ Cha, and T 54 
(Figure Table EJ). [S III] is also detected in SZ Cha 
with a line flux of 2.63±0.3x 10 -14 erg cm~ 2 s" 1 and 
SNR-12 (Figure HJ. We note that the 13 6 8 to 12 3 9 
transition of H2O is located at —15.57 fim. However, 
neither SZ Cha, CS Cha, nor T 54 have evidence for any 
other water lines in their spectra. It is highly unlikely 
that only one of the numer ous H2O line transitions w ould 
be present (see Figure 4 of lPontoppidan et al.ll2010l ). 

In SZ Cha the [Ne III] and [S III] lines are broader 
than the [Ne II] line. The FWHM of [Ne III] and [S III] 
is -700 km s" 1 . The FWHM of [Ne II] is -500 km s" 1 , 
essentially equal to the resolution of the IRS SH mod- 
ule. Inspection of the data shows that these lines are not 
spatially extended. However, one pixel is 2.3" or about 
370 AU at 160 pc. Therefore, we cannot exclude the 
possibility that these broad line widths indicate more 
than o ne emitting r egion within —370 AU (e.g. disk, 
wind). iNaiita et ail (|2009l ) suggested the [Ne II] line flux 
was composed of both a broad, extended shock compo- 
nent and a spatially unresolved disk component based 
on ground-based high-resolution spectra of two different 
disks. Likewise, higher spectral and spatial resolution 
data of SZ Cha are needed to explore this further. 

3.2. [Ne III] & High-Energy Radiation 

Compared to [Ne II], [Ne III] line emission is much 
less common. Prior to this work, ther e were only 
three reports o f [Ne III] lines: Sz 1 02 (jLahuis et all 
12001. WL 5 dFlaccomio et al.l l2009h . and TW Hya 
(|Naiita et all 120101 ) . Here we reported three new detec- 
tions in SZ Cha, T 54, and CS Cha. We limit ourselves to 
objects with disks in this work and exclude the Class III 
object WL £E To the best of our knowledge, there are 
no studies which search for jets in NGC 206 8 and IC 348. 
SZ 102 and CS Cha are known to have jets (lLahuis et all 
120071 iTakami et al.ll2003t IGiidel et alJl2O10lh 

Since MIR Ne fine-structure lines have been pro- 
posed to be due to X-rays (GNI07, HG09), we first 
tested if sources with [Ne III] have a higher X-ray 
luminosity than sources that have [Ne II] but no 
[Ne III] detections. Our sample in Figure [3] is com- 
posed of objects in this work and the literature which 
have reported [Ne II] detections and X-ray luminosities 
(see the Appendix for m ore details; IGiidel et all [2010; 
iBaldovin-Saavedra et all 120111 : iCarr k NajltaT l201lL 

11 IMcClure et"aLl ll2010t) classified WL 5 as a Class III object 
based on its low-resolution IRS spectrum. The spectrum of WL 5 
presented in McClurc et al. (2010) is a composite of two objects. In 
the short-low-resolution module of IRS (SL; 5-14 /im), WL 5A was 
the only object in the slit while in the long-low-resolution module 
of IRS (LL;14-38 /im) its companion (8.5" away) entered the slit. 
WL 5A is a photosphere based on the SED slope in the SL data. 
The companion is most likely a Class I object based on the steeply 
rising SED obse rved in the LL d a ta. G iven the orientation of the 
SH slit used in Flaccomio et al. (2009)'s observation of WL 5A 
and the fact that a nearby background observation was not taken 
for data reduction, it is likely that some emission from the nearby 
Class I object entered the slit. Therefore, the Ne fine-structure line 
emission from WL 5 is most likely from the nearby Class I object, 
especially given that Class III objects are typically not surrounded 
by material. 
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Sacco et al.l 120121: lLahuis et alj|2007t iNaiita et all 120101: 
Pascucci et al.l 120071: llngleby et all 120111: IWhite et al.1 



20001: INeuhaeuser et all 119951 ). We find that the X-ray 



luminosities of objects with [Ne III] lines is similar to 
those of objects with only [Ne II] lines. The median X- 
ray luminosity of sources with [Ne II] but without [Ne III] 
is 1.6xl0 30 ergs s^ 1 . For those with [Ne III] lines, the 
median is 2.1 xlO 30 ergs s^ 1 . Given that the KS proba- 
bility these are both taken from the same distribution is 
99%, we conclude that sources with [Ne III] emission are 
not significantly more luminous in X-rays than sources 
without [Ne III] emission. However, we note that given 
the small number of known sources with [Ne III] emis- 
sion, this needs to be confirmed with a larger sample. 

[Ne II] and [Ne III] can be also be due to EUV radiation 
from the central star (HG09). One way to distinguish 
between X-ray and EUV creation of Ne fine-structure 
emission is by measuring the [Ne III]-to-[Ne II] line ra- 
tio. Ne ion production by X-ray emission can lead to 
[Ne III]-to-[Ne II] line r atios of the order ^0 .1 (see Fig. 
4 of GNI07 and Fig. 17 lMeiiermk et al.ll2008l) . However, 
EUV photons can lead to much higher [Ne III]-to-[Ne II] 
line ratios (HG09). This is largely because X-ray pho- 
tons penetrate deeper into the disk than EUV photons. 
The GNI07 and HG09 models find that the X-ray dom- 
inated layer of the disk is predominantly neutral. The 
abundance of H atoms leads to efficient charge exchange 
of Ne ++ and H, leading to Ne + . Therefore, in the X-ray 
layer of the disk, there will be more Ne II than Ne III, 
leading to larger [Ne II] line luminosities relative to those 
of [Ne III]. In contrast, the models find that the EUV re- 
gions are fully ionized; the abundance of H atoms is low 
and so here charge exchange is not that efficient. There- 
fore, in the EUV layer of the disk there will be more 
Ne III relative to the X-ray layer and hence it is possible 
that the [Ne III] line luminosity can be greater than the 
[Ne II] line luminosity. 

Prior to our work, all objects with [Ne III] emis- 
sion had [Ne III]/[Ne II] < 0.1, in line with X-ray dom- 
inated Ne ion production. Here we report the first 
source with [Ne III]/[Ne II] -1, SZ Cha, which has 
a ratio of 1.36±0.24. We note that T 54 also has 
[Ne III]/[Ne II]>0.1. However, T 54's ratio of 0.34±0.13 
is not 3fi above 0.1 within the uncertainties of the line 
measurement; future observations with higher sensitiv- 
ity are needed to confirm this ratio. The value of 
[Ne III]/[Ne II] can also trace the shape of the EUV spec- 
trum. [Ne III]/[Ne II] ~1 points to roughly L E uv~v~ 2 
(Fig 1. of HG09; U. Gorti, personal communication). 
A caveat is that it is likely X-rays are present and will 
contribute to the observed [Ne II] line emission, contam- 
inating the EUV spectral slope determination. 

Given that the EUV luminosity has to be two times 
greater than the X-ray luminosity to dominate Ne ion 
production (HG09), we compared the [Ne III]-to-[Ne II] 
line ratio to the X-ray luminosity of the object, normal- 
ized by its bolometric luminosity (Lf, ; ; Figure 0]). We 
note that here we use L^oi to refer to the stellar lu- 
minosity (L»). Lx and L* for SZ Cha, CS Cha, and 
T 54 are listed in Table M TW Hya's L x and L* 
are from llnglebv et al.l (|2011ft . SZ 102's L x is from 
IGiidel et al.1 (12010ft: we estimated L* usin g 2MASS pho- 
tometry and iKenyon fc Hartmanr] ([19951 ) colors for an 



M0 star (|Lahuis et al.ll2007ft . We note that CS Cha and 
T 54 are known binaries. CS Cha is a spectroscopic 
binar y with a separation of ^4 AU (|Guenther et al.1 
12007ft and both co mponents are of equal brightness 
(jNguven et al.l I2012T ). Neither component was resolved 
in the optical nor X-ray. T 54 is brighter than its sec- 
ondary b y a factor of at least 5 and their separation is 
~40 AU ([Lafreniere et al.ll2008|) . Using Lboi based on the 
primary star should not significantly affect the correla- 
tion we find here, especially given that we assume that 
the error in Lx / Lboi is dominated by the variability in 
the X-ray. We adopt an error of a factor of 2 for Lx 
based on the typical range in X- ray variability, as has 
been done in previous works (e.g.. IGiidel et al.ll2010ft . 

In Figure |H [Ne III]/[Ne II] increases as L x /L bo i de- 
creases. We find a strong trend (with a Pearson correla- 
tion coefficient of -0.9) and fit the data with the following 
equation: 



^T^T^ = (-°- 98±0 - 29 )^T^ 
[Ne 11\ L bo i 



(-3.78 ±0.89). 

This trend is consistent with EUV radiation dominating 
the production of [Ne II] and [Ne III] at low Lx/Lboi 
values in Figure @] and leading to a high [Ne III]/[Ne II]. 
It follows that X-ray radiation dominates the heating of 
the disk at higher Lx /Lboi values in Figure [4] creating 
more [Ne II] than [Ne III] (i.e., [Ne III]/[Ne II] «1). We 
note that this trend is promising, but largely driven by 
SZ Cha. Future work with archival high-resolution IRS 
spectra and JWST may reveal additional objects with 
[Ne III]/[Ne II]>0.1 and known Lx that can be used to 
confirm this relation. 

Another potentially important diagnostic of high- 
energy radiation could lie in the relationship between 
[Ne III]/[Ne II] and [S III]. Here we detected [S III] 
in SZ Cha, the disk in our sample with the highest 
[Ne III]/[Ne II]. S ++ and Ne ++ have similar c harge ex- 
change rates with H (|Butler fe Dalgarnol 1 1980ft . There- 
fore, for the same reasons outlined earlier, we would ex- 
pect more S III when EUV dominates the production of 
Ne II and Ne III. Prior to this work [S III] had only been 



detec ted in the disk of SSTc2d_J1829282 (Lah uis et al 



Using [Ne III] upper limits from lLahuis et al 
we estimate [Ne III]/[Ne II] <0.18, in contrast to 
the large [Ne III]/[Ne II] observed for SZ Cha. We leave 
it to future work to explore any potential connection be- 
tween these lines and high-energy ionizing radiation. 

4. DISCUSSION 

There has not yet been a definitive observational result 
discriminating between X-ray and EUV radiation as the 
primary source of Ne forbidden line emission. There 
have been over 50 object s with [Ne II] line det e ctions 
to date (iPascucci et ail 120071; lEspaillat et ail 120071: 



Lahuis et al.l 120071: iFlaccomio et al.l 120091: IGiidel et all 
20101: iBaldovin-Saavedra et al.l 120111: iSzulagyil 12012ft . 
There have also been many theoretical works examining 
the importance of the Ne line lumino sities and their 
conn ec tion to high-en er gy ra di ation flG lassgold et all 
iMeiierink et all 120081: 



20071 



Gorti fc Hollenbach 



2008; 



lErcolano et all 1 2005 
Hollenbach fc Gortil |200£ 



Schisano et alj|2010i: lErcolano fc Qwenll20iciir However, 



comparing observations and theories has not led to clear 



() 



Espaillat et al. 



results. There have been no distinct correlations between 
[Ne II] line luminosities and Lx or mass accretion rates. 
In the case of [Ne II], it is not obvious that expanding 
the known sample of disks with these lines will lead 
to substantially clearer results. We note that the Lx 
and mass accretion rates for objects in our sample with 
detected [Ne II] falls within range of those objects with 
[Ne II] line detections in literature and that our results 
are consistent with previous results. In addition, the 
models of HG09 and GNI07 use L x ~10 28 -10 32 ergs 
s^ 1 in their models, covering the range seen in the 
observations. 

Another relatively unexplored avenue to probe the rel- 
ative importance of X-ray and EUV radiation in creat- 
ing Ne forbidden line emission lies in [Ne III] line de- 
tections. Of those disks with [Ne II] line detections, 
only five disks have [Ne III] line detections, three of 
which come from this work. While [Ne III] detections 
are very rare, we can start to make preliminary studies 
of these lines with the expectation that these results can 
be greatly expanded upon with JWST. Out of the six 
objects with known [Ne III] line emission, five of these 
have [Ne III]/[Ne II] <1 Also, based on [Ne II] and 
[Ne III] upper line limits. fSzulagvil J2012) find that typi- 
cally [Ne III]/[Ne II] < 1 . This ratio can either be a result 
of X-ray or soft EUV as the primary source of Ne forbid- 
den lines according to the models of HG09. We note that 
our report of CS Cha's [Ne III]/[Ne II] agrees with previ- 
ously observed ratios for TW Hya and SZ 102, i.e, ratios 
about 0.1 o r less, of the order the oretically predicted by 
GNI07 and lMeiierink et alj (|2008f ). T 54's ratio of 0.3 is 
high er than that of CS Cha, T W Hya, and SZ 102. How- 
ever, [EreoianoAO^ ((201jJ get [Ne III]/[Ne II] up to 
0.3 in TD since the gas in these disks tends to be warmer 
than that of FD. Studies of other lines like [Ar II] have 
[Ar II]-to-[Nc II] ratios which indicate either soft EUV or 
soft X-ray emis sion as the primary source of these lines 
(ISzulagvfeoil) . 

SZ Cha is the only known object to date with 
[Ne III]/[Ne II] ~1; HG09 have shown that this high ratio 
can only occur in the EUV layer of the disk. If con- 
firmed, this result in SZ Cha would be the only clear 
observational result discriminating between X-ray and 
EUV radiation as the primary source of Ne forbidden 
line emission. Some caveats to bear in mind are that 
the charge exchange coefficien ts used in the theoretical 
models need to be upd ated (jButler fe Dalgarnol 119801 : 
lErcolano fc Ower] 120101 ). In addition, high-resolution 
spectroscopy of the [Ne III] line in SZ Cha is necessary to 
constrain where in the disk this emission is originating 
from. Lastly, a larger sample of disks with [Ne III] line 
detections is necessary to test this further. 

While [Ne III]/[Ne II] -1 is an indication of EUV- 
dominated production of Ne ions, the issue still remains 
that EUV radiation is easily absorbed in the environ- 
ment of the star and may not even reach the disk. How- 
ever, EUV radiation should be able to reach the disk in 
the case of SZ Cha given its substantial accretion rate 
(2. 4xl0~ 9 Mm yr" 1 as measured from its U-band excess 
by Espaill at et al.ll2~011l ). This is because in order for the 
EUV radiation to penetrate the protostellar wind, the 
outflow mass loss rate must be less than 10 -9 M Q yr _1 
(HG09). This corresponds to a mass accretion rate of 



10 8 Mq yr 1 given that protostellar wi nds of TTS are 
typically ~0-l of th e mass accretion rate (|Hartigan et al.l 
fl995t ICalvedll99l . Therefore, EUV radiation should 
reach the disk of SZ Cha given its accretion rate. 

These Neon forbidden line observations raise the ques- 
tion of whether EUV photoevaporation is responsible 
for the gapped disk structure of SZ Cha. Based on 
SED modeling, SZ Cha has an inner disk separated 
from the outer disk by a ^20 AU gap (Espaillat et al. 
2011). EUV photoevaporation models predict that the 
disk wind will open a small, short-lived gap within the 
outer disk before clearing out an inner hole and then the 
rest of the outer disk (e.g., iClarke et al.l 1200 J) . How- 
ever, the gaps from photoevaporation are expected to 
open quickly relative to the lifetime of the disk, and so 
it is unlikel y that we are catching the disk in this short- 
lived phase ([Alexander e t al. 20Qa). Instead, we propose 
that the gap in SZ Cha was formed through dynami- 
cal cleari ng by either planetary dZhu et al.ll201~lT ) or stel- 
lar mass (|Artvmowicz fe Lubowlll994f ) companions before 
EUV photoevaporation took effect. In the case of plane- 
tary mass companions, one can speculate that their pres- 
ence led to a decrease in the mass accret ion rate (e.g., 
iLubow fc D'Angelol[200l iRice et al.ll20M ) necessary for 
EUV ra diation to reach the disk accele rating photoevap- 
oration (|Alexander fc Arrmt agc 2009]). A stellar mass 
companion would also quicken photoevaporation since it 
would increase the Lx of the system, in addition to low- 
ering or even eliminating the accretion onto the star. 

Another feature of EUV photoevaporation models is 
the uncertainty in the EUV ionizing flux since EUV 
emission cannot be directly observed. If the creation 
of [Ne III] in SZ Cha is being dominated by EUV ra- 
diation, this provides the most direct measurement to 
date of the EUV emission of TTS. The [Ne III] line lumi- 
nosity in SZ Cha implies L E uv of ~ 10 32 -10 33 ergs s -1 
(0.03-0.26 L ) according to the predictions of the HG09 
model (based on Leuv^v~ x ). Th ese values can be com- 
pared to SZ Cha's L n „ C0.06 Lm ; lEspaillat et al.lf201lh 
and L FUV (0.002 L g : llnglebv et al.l 1201 lh . L^rrv is of 
the same order as L acc , which was determined using U- 
band data with an i ntrinsic uncertainty of a factor of 2-3 
(|Calvet et al.ll2004D . so the EUV could in principle be 
powered by accretion. The expected Leuv is more than 
a factor of 10 higher than the observed Lpuv- Using the 
EUV spectra of solar active regions as representative, 
even with a strong Lyman continuum the ratio of EUV 
to FUV luminosities is ex pected to be lower than this 
(|Vernazza fc Reevesl 119781 ). However, Lpuv is underes- 
timated since the value is based on ACS spectra which 
do not cover Lyq , which may be up to 90% of the total 
FUV luminosity (|Herczeg"e t al. 2004: Schindhcl m et al.l 

120H . 

In conclusion, these results are an important contri- 
bution to our understanding of the effect of high energy 
radiation from the star on the disk. Unfortunately, the 
[Ne III] line is not observable from the ground, but JWST 
will allow us to fully exploit the potential of this line. 

5. SUMMARY 

We reported new Ne forbidden line detections in 
high-resolution Spitzer IRS spectra of disks in IC 348, 
NGC 2068, and Chamaeleon. We use these results, in 
conjunction with other reports in the literature, to ar- 
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rive at the following results and conclusions: 

1. Previous to this work the only detections of [Ne III] in 
disks were reported around SZ 102 and TW Hya. Here 
we reported the detection of [Ne III] in CS Cha, SZ Cha, 
and T 54. CS Cha and T 54 have [Ne III]/[Ne II] <1 
which is consistent with previous [Ne III]-to-[Ne II] ra- 
tios. Such small ratios can be due to Ne forbidden line 
production by either soft EUV radiation or X-ray ra- 
diation. SZ Cha is the first object observed to have a 
[Ne III]-to-[Ne II] ratio of about 1. Given that X-rays 
are more efficient at producing Ne II relative to Ne III 
(GNI07, HG09), [Ne III]/[Ne II] ~1 indicates that EUV 
emission dominates the creation of Ne ions in SZ Cha. 

2. In order for EUV radiation to dominate the ionization 
of Ne, the EUV luminosity of the object has to be two 
times greater than the X-ray luminosity (HG09). While 
we do not have a direct measurement of the EUV emis- 
sion of SZ Cha, we find that the [Ne III]-to-[Ne II] ratio 
increases as the X-ray luminosity (normalized by ~Lboi) 
decreases. This is consistent with the EUV luminosity 
being greater than the X-ray luminosity in objects with 
high [Ne III]-to-[Ne II] line ratios. 

3. Lastly, using the HG09 models we estimate that the 
EUV luminosity of SZ Cha is ~10 32 -10 33 ergs s" 1 (0.03- 
0.26 L ). 
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APPENDIX 
A. SAMPLE DESCRIPTIONS 

For comparison with the results from our sample (described in Section [2.ip . we compiled additional reports of [Ne II] 
line emission from the litera ture. We limited ourselves to studies of Class II disks using Spitzer IRS spectra. We note 
that iFlaccomio et al.l (|2009f ) report [Ne II] detections in the disks of WL 10, IRS 45, and IRS 47 . However, we do not 
include these detections in this work since they are located in areas of high extin c tion ( Ay>24; IMcClure et al1l2010|) 
and so their reported line fluxes are less certain. We also note that IGiidel et al.l (|2010l ) report a [Ne II] detection in 
SZ 50, but we do not see this line in our analysis of the spectrum and so do not list SZ 50 as having a [Ne II] detection 
here. The literature sample used in Figure [3] consists of the objects listed in Table [7J These objects have a reported 
[Ne II] detection as well as known X-ray luminosities from Section f2. 2. 21 or from the literature. 
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Table 1 

SH GO Sample 



Object 


Region 


RA 


DEC 


CS Cha 


Cha 


Ilh02m25s 


-77d33m36s 


FM 177 


NGC 2068 


05h45m42s 


-00dl2m05s 


FM 281 


NGC 2068 


05h45m53s 


-00dl3m25s 


FM 515 


NGC 2068 


05h46ml2s 


+00d32m26s 


FM 581 


NGC 2068 


05h46ml9s 


-00d05m38s 


FM 618 


NGC 2068 


05h46m23s 


-00d08m53s 


LRLL 2 


IC 348 


03h44m35s 


+32dl0m04s 


LRLL 6 


IC 348 


03h44m37s 


+32d06m45s 


LRLL 21 


IC 348 


03h44m56s 


+32d09ml5s 


LRLL 31 


IC 348 


03h44ml8s 


+32d04m57s 


LRLL 37 


IC 348 


03h44m38s 


+32d03m29s 


LRLL 55 


IC 348 


03h44m31s 


+32d00ml4s 


LRLL 67 


IC 348 


03h43m45s 


+32d08ml7s 


LRLL 68 


IC 348 


03h44m29s 


+31d59m54s 


LRLL 72 


IC 348 


03h44m23s 


+32d01m53s 


LRLL 133 


IC 348 


03h44m42s 


+32dl2m02s 


SZ Cha 


Cha 


10h58ml7s 


-77dl7ml7s 


T 35 


Cha 


Ilh08m39s 


-77dl6m04s 


T 54 


Cha 


Ilhl2m43s 


-77d22m23s 


Note. 


— Target ID's are 


taken from 


Flaherty & Muzorollc ( 2008) and Luhman ot al. ( 2003) 


for targets 


in NGC 2068 


and IC 348, 


respectively. 



Alternate names for the Chamaclon targets are T 11 
(CS Cha), T 6 (SZ Cha), CHX 22 (T 54), FL Cha, SZ 27, 
and HM 32 (T 35). 



Table 2 

Source Properties 



Object 


Disk 


Ay 


Spectral 


T, 


L* 


M» 


R, 


M 




Ref. 




Type 




Type 


(K) 


(M ) 


(M ) 


(R ) (10- 8 M Q yr" 1 ) 


(L©) 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


CS Cha 


TD 


0.8 


K6 


4205 


1.5 


0.9 


2.3 


1.2 


8.3x 10~ 4 


1, 2 


FM 177 


TD 


1.6 


K4 


4590 


1.0 


1.2 


1.5 


0.004 


3.16xl0~ 4 


3, 4 


FM 281 


TD 


2.0 


Ml 


3720 


0.4 


0.5 


1.6 


0.002 


2.62xl0~ 4 


3, 4 


FM 515 


PTD 


1.6 


K2 


4900 


2.5 


1.5 


2.2 


3.10 




3, 4 


FM 581 


PTD 


1.1 


K4 


4590 


4.1 


1.6 


3.1 


2.57 


1.45X10" 3 


3, 4 


FM 618 


FD 


2.9 


Kl 


5080 


2.2 


1.5 


1.9 


1.21 


8.90xl0~ 4 


3, 4 


LRLL 2 


FD 


3.8 


A2 


8970 


57.1 


2.8 


3.1 




1.81X10" 3 


3, 4 


LRLL 6 


FD 


3.9 


G3 


5830 


16.6 


2.4 


4.0 




1.72xl0~ 3 


3, 4 


LRLL 21 


PTD 


1.7 


K0 


5250 


3.8 


1.6 


2.1 


0.20 


7.96X10- 4 


3, 4 


LRLL 31 


PTD 


8.6 


G6 


5700 


5.0 


1.6 


2.3 


1.4 


2.62X10- 1 


3, 4 


LRLL 37 


PTD 


2.8 


K6 


4205 


1.3 


0.9 


2.2 


0.13 


1.86X10" 4 


3, 4 


LRLL 55 


FD 


8.5 


M0.5 


3850 


1.0 


0.6 


2.2 




2.04xl0~ 4 


3, 4 


LRLL 67 


TD 


2.0 


M0.75 


3720 


0.5 


0.5 


1.8 


0.01 


1.31 xl0~ 3 


3, 4 


LRLL 68 


FD 


2.1 


M3.5 


3470 


0.5 


0.3 


2.0 


0.04 


<6.03xl0~ 6 


3, 4 


LRLL 72 


TD 


3.0 


M2.5 


3580 


0.7 


0.4 


2.1 


<0.0003 


3.85xl0~ 5 


3, 4 


LRLL 133 


TD 


3.6 


M5 


3240 


0.2 


0.2 


1.5 


<0.8 


3.18xl0~ 5 


3, 4 


SZ Cha 


PTD 


1.9 


K0 


5250 


1.9 


1.4 


1.7 


0.24 


2.6x 10~ 4 


1, 2 


T 35 


PTD 


3.5 


M0 


3850 


0.4 


0.6 


1.5 


0.12 


3.3xl0" 5 


1, 2 


T 54 


TD 


1.8 


G8 


5520 


3.3 


1.5 


2.0 




2.1xl0~ 3 


5, 2 


Note. - 


Col. (1): 


Name of target. 


Col. (2) 


We label objects as 


transitional disks (TD) 


pre-transitional disks 



(PTD), and full disks (FD). Col. (3): Visual extinction. Col. (4): Spectral type. Col. (5): Stellar temperature. Col. 
(6): Stellar luminosity. Col. (7): Stellar mass. Col. (8): Stellar radius. Col. (9): Mass accretion rate. Col. (10): 
X-ray luminosity. Col. (11): Literature references for the values listed in Cols. (1)— (10). Disk Type, Ay, L*, M*, 

Espaillat eTall J2011I) . [31 lEspaillat et all 



R* , and M are the same as those adopted i n [1] lEspaillat et al.l 120111) . [31 lEspaillat et all 120121) . and [5] Espaillat et 
al, (in prep). Lx is f rom [2] llnglebv et alj ||20^ ), and [4] this w ork. We assume a distance of 1 60 pc for Chamaeleon 
IILuhman et al.|[20Q3Tl . 315 pc for IC 348 I ILuhman etahl 120081) . and 400 pc for NGC 2068 I IFlahertv fc MuzeroUel 
120081) . 
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Table 3 

Log of Spitzer IRS Observations 



Object 


AOR ID 


Date 




Exposure (s) 


CS Cha 


18021632 


2006-08-02 


1500 


FM 177 


22852864 


2008-11- 


18 


6000 


FM 281 


22853376 


2008-11- 


20 


6000 


FM 515 


22853888 


2008-04- 


23 


3000 


FM 581 


22854400 


2008-04- 


23 


2400 


FM 618 


22854912 


2008-04- 


23 


1500 


LRLL 2 


22847744 


2007-10- 


13 


120 


LRLL 6 


22848256 


2008-10- 


•17 


480 


LRLL 21 


22848768 


2008-10- 


■14 


900 


LRLL 31 


22849280 


2008-10- 


■17 


480 


LRLL 37 


22849792 


2008-10- 


14 


900 


LRLL 55 


22850304 


2008-10- 


14 


2400 


LRLL 67 


22850816 


2008-10- 


-17 


3000 


LRLL 68 


22851328 


2008-10- 


■17 


3000 


LRLL 72 


22851840 


2008-10- 


14 


3000 


LRLL 133 


22852352 


2008-10- 


13 


3000 


SZ Cha 


22846208 


2008-08- 


17 


120 


T 35 


22847232 


2008-10- 


12 


3000 


T 54 


22846720 


2008-10- 


12 


1800 



Table 4 

Log of Chandra ACIS Observations 



Target 


ObsID 


Date 


Exposure (ks) 


1C 348 


8584 


2008-03-15 


50 


NGC 2068 


8585 


2008-11-28 


29 


NGC 2068 


10763 


2008-11-27 


20 
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Table 5 

X-ray Spectroscopy for IC 348 and NGC 2068: Thermal Plasma Fits 



Source a 






Spectral Fit b 




X-ray 


Luminosities c 


Object 


c 


N H 


kT 


A. 


L x 


r 

-*-' X ,corv 






(10 22 cm 


~ 2 ) (keV) 
) \^ v J 




(10 30 ergs s" 


~ 1 ) CIO 30 eres s -1 ) 




f2l 


(3) 


(4) 


(5) 


(61 




TTM 1 77 


9£8 n 
zoo.u 


U. / O 






1 fl9 


A A7 


TTTV/T 981 
r 1VJL Zol 


71 


1 07 
1 .U 1 


U.DO 


fl 77 
U. i I 


n in 
u. iy 


1 .uu 


FM 581 


537.5 


0.32 


2.63 


1.37 


4.20 


5.56 


FM 618 


186.8 


0.93 


0.36,4.82 d 


0.42 


0.69 


3.41 


LRLL 2 


1097.7 


0.26 


1.85 


1.53 


2.57 


3.45 


LRLL 6 


1630.5 


0.55 


1.59 


0.93 


3.77 


6.58 


LRLL 21 


675.7 


0.56 


3.22 


0.95 


2.12 


3.05 


LRLL 31 


184.8 


2.20 


1.49 


1.04 


0.60 


2.06 


LRLL 37 


109.9 


0.23 


4.75 


0.35 


0.60 


0.71 


LRLL 55 


157.0 


0.65 


5.77 


0.69 


0.58 


0.78 


LRLL 67 


194.3 


0.74 


0.20,0.83 d 


1.00 


0.42 


5.03 


LRLL 68 












<0.02 e 


LRLL 72 


63.4 


0.04 


1.43 


1.36 


0.14 


0.15 


LRLL 133 


30.3 


0.93 


2.46 


0.73 


0.06 


0.12 



a Columns (1)— (2) list the target names and net counts. We note that FM 515 did not lie in the 
FOV of our observations and is not included here. 

Cols. (3) and (4) present the best-fit values for the extinction column density and plasma 
temperature parameters. Col. (5) presents the \ 2 °f the model fit. 

c X-ray luminosities derived from the model spectrum arc presented in cols. (6) and (7) calculated 
over the band 0.5—8 keV. Absorption-corrected luminosities arc subscripted with corr. 
^ Here a two-temperature model was used and both temperatures are listed. 

c Object LRLL 68 was not detected and here we list an upper limit. See Section |2.2.2| for more 
details. 



Table 6 

Neon Line Fluxes 



Object 




[Ne II] 






[Ne III] 




Flux 


Error 


SNR 


Flux 


Error SNR 




(10- 15 erg 


cm -2 s —1 ) 




(10" 15 erg 


cm -2 s —1 ) 


CS Cha 


36.3 


0.65 


105 


3.07 


0.48 12 


FM 177 


<1.56 






<1.24 




FM 281 


<1.89 






<1.40 




FM 515 


<1.41 






<1.24 




FM 581 


2.05 


0.73 


5 


<1.29 




FM 618 


1.82 


0.73 


4 


<1.37 




LRLL 2 


7.95 


1.13 


12 


<5.52 




LRLL 6 


<5.20 






<2.72 




LRLL 21 


<5.12 






<2.93 




LRLL 31 


<6.22 






<3.46 




LRLL 37 


<2.00 






<2.18 




LRLL 55 


2.16 


1.58 


6 


<2.91 




LRLL 67 


2.83 


0.91 


8 


<1.72 




LRLL 68 


<2.10 






<1.25 




LRLL 72 


<1.83 






<1.74 




LRLL 133 


<2.91 






<1.90 




SZ Cha 


16.2 


1.96 


14 


22.0 


2.72 11 


T 35 


6.53 


0.69 


18 


<1.53 




T 54 


6.15 


1.20 


7 


2.11 


0.66 6 
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Table 7 

Reported [Ne II] Detections in Disks & X-ray 
Luminosities 





[Ne IIJ 


T, v 


P v 




T) ot oft 1 r\rt 


° ) 


\-i p-tot" r»~n r*o 

1 1,L1L.1 


A A Tan 


CNll* 


1.0 x 10 3U 


G10 


RD Tan 


Pin 


1 4 v 1 n^o 

_L .4: X 1U 


Pin 


PnK"n Tan /S 

V_IJ1 v Ll _LeLLl/0 


G10 


5.7x 10 30 


G10 




E12* 


Q Q V 1 H^O 
O.O X 1U 


111 


np Tan 


Pin 


O.O X 1U 


Pin 


T)K Tan 


Pin 


c/1yi n 29 

O.'l X 1U 


Pin 


FiA/T Tan 

U 1V1 _1_ d U 




9 n v 1 H^O 

Z.U X 1U 


Pin 


DO Tan 


CNll* 


2.4X 10 29 


G10 


DnAr 9^ 


G10 


2.8x 10 30 


G10 


EC 74 


G10 


4.3x 10 30 


G10 


EC 82 


Pin 


Q 9 v 1 0^8 
y .z x iu 


Pin 


EC 92 


G10 


9.5X 10 30 


G10 


P 1V1 JOl 


E12 


c: « v 1 f>30 
o.u X iu 


E12 


PM fi1 £ 

J. 1V± UIO 


E12 


3.4x 10 30 


E12 


F^ Tan A 


Bll 


q o v 1 n^o 

O.Z X IU 


Bll 


GI Tau 


G10 


6.7x 10 29 


G10 


OK Tan 

VJiv _LdLl 


G10 


1.2x 10 30 


G10 




G10 


1.6x 10 30 


G10 


CO Pun 

VJ \c£ J_J U.JJ 


E12 


7.4x 10 29 


G10 


TTarn 1 A 

1 1 CLI L> J_ — 1 


G10 


4.1 x 10 29 


WOO 


TJarn 1 1 

XlcLIU _L-±U 


G10 


1.3x 10 30 


G10 


XlcLI <J 1- _L i 


Pin 


c v 1 0^9 

O.O X IU 


Pin 


TM T nn 
11V1 J_j Lip 


Pin 


3 2 x 10 30 


Pin 

VjxIU 


IP Tau 


CIO 


6.1x 10 29 


111 


TO Tan 


G10 


3.2x 10 29 


G10 


ITVrtO U04UI-0000 


pi n 


1 8x 10 31 


Pin 


IRS 51 


G10 


3.4x 10 30 


G10 


TR<^ RO 

iLVO UU 


Pin 


2 6x 10 29 


Pin 


T kiln- 970 

LjlYl ILL Zi I U 


CIO 


1.1 x 10 31 


G10 


T RT I 9 


E12 


3.5x 10 30 


E12 


T RT T ^ 


E12 


n e v 1 H^O 

U.O X IU 


E12 


T RT T 87 


E12 


5. Ox 10 30 


E12 


P7.QQ T1 fi1 zL1 1 


CIO 


3.5x 10 30 


P07 


RfW A9P 


pin 


4 5 x 10 30 


Pin 


RTT T nn 

nu -Lj Lip 


pi n* 


1 Ox 10 30 


Pin 


RW Aiir 
IXVV rV Lll 


CNll* 


1 6x 10 30 


Bll 


R Y T1 1 1 1 7 7(S90 

IXAJ _L _L _L _L . I t UZU 


CIO 


3.6x 10 30 


P07 


R Y T1 849 Q ^49 


CIO 


2.3x 10 30 


P07 


R Y T1 8^9 ^ ^700 


CIO 


3.7x 10 30 


P07 


W Pha 


CIO 


6.9x 10 29 


G10 




E12 


9.9x 10 29 


111 


DA 1UZ 


T 07 


1 8x 10 29 


Pin 


T Cha 


Pin 


1 1 x 10 30 


Pin 


TW Hya 


N10 


2.1xl0 30 


CIO 


T 54 


E12 


8.0xl0 30 


111 


UY Aur 


CNll* 


4.0xl0 29 


G10 


VW Cha 


G10 


2.5xl0 30 


111 


VZ Cha 


G10 


5.3X10 29 


CIO 


V773 Tau 


Bll 


9.5xl0 30 


Bll 


V836 Tau 


G10 


1.7xl0 30 


G10 


V853 Oph 


G10 


3.1xl0 30 


CIO 


V4046 Sgr 


S12 


1.2xl0 30 


S12 


WX Cha 


S12 


4.6xl0 30 


G10 


XX Cha 


G10 


l.lxlO 30 


G10 



Note. — For each target, the reference for the [Nc n] line 
detection is indicated and an asterisk indicates the source 
has a known jet. X-ray luminosities and relevant references 
are also listed. References are GlO: Gudel et al. 2010; Bll: 
Baldovin ct al. 2011; CNll: Carr & Najita 2011; E12: this 
work; S12: Sacco ct al. 2012; L07: Lahuis ct al. 2007; N10: 
Najita et al. 2010; P07: Pascucci ct al. 2007; 111: Ingleby 
et al. 2011; WOO: White ct al. 2000. 



MIR Neon Emission from Disks 



13 



X 

3 



10 


_ I , , , | 
- CS Cha 


, , , | _ 










m 


d 






o 








d 










d 


















-J 




o 


m 






d 


o 








o 


1 i i i 1 i i i 1 





1 i i i 1 
: FM 581 


i i i 1 _ 


1 , , , 1 


, , , 1 i 



12.6 12.8 




_i i i i i_ 



. . rfl d r I i i i I i i U i I 




12.6 12.8 13 12.6 12.8 

A(jLim) 

Figure 1. [Nc II] detections at 12.81 fim in our Spitzer SH spectra. In LRLL 2, the residual PAH emission at 12.7 fim is due to imperfect 
background subtraction. 
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Figure 2. [Ne III] and [S III] detections in our Spitzer SH spectra at 15.55 fim and 18.71 fim, respectively. 
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Figure 3. X-ray luminosity of disks with [Ne II] (black) and disks with [Ne III] (blue). 
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Figure 4. Dependence of the [Ne IIl]-to-[Ne II] ratio on Lx/L(, ;- Given the typical range in X-ray variability, we assume that each hx 
is unce rtain within a fact or of 2 of the measured value, and that this dominates the errors for Lx /Lfcoi > as has been assumed in previous 
works (Giidel et al. 2010). The regression line for the sample is the broken gray line. 



